Abstract: A reversed-phase HPLC method which allows the simultaneous assay of (+)-catechin, (-)-epicatechin, trans-resveratrol, quercetin and quercetin glycosides in grape berries is described. Kromasil 100 served as stationary phase and a gradient of acetic acid, water and methanol was used. The analytical run requires 42 min for complete sample elution. Satisfactory peak resolution was achieved following a novel extraction process and direct injection of a 20 μL sample. The method was used for the analyses of eighteen samples. Linearities were in the range of 0.98 to 0.999 regression coefficient, for all phenolics, while detection limits ranged from 30 μg mL -1 for trans-resveratrol to 1.5 mg mL -1 for (+)-catechin. Recoveries ranged from 95.1 to 98.7% while the method provided good precision, with standard deviations between 3.5 and 6.1%, n=5.
Introduction
The beneficial health effects of beverages and products made from grape (Vitis vinifera) related products have been well established over the last years, with numerous epidemiological, clinical and in-vitro studies [1] . Recent reports in the literature have linked the moderate consumption of products such as wine and grape juices with a reduced incidence of coronary heart disease [2] , prevention of Among the various phenolic antioxidants present in grapes, (+)-catechin, (−)-epicatechin, resveratrol, quercetin and its glucosides (Figure1) are the most potent, since they have been found to protect the human LDL against oxidation more efficiently than α-tocopherol on a molar basis [12] . They are also active as potent promoters of vascular relaxation through the generation of nitric oxide by the endothelium [13] . In addition, trans-resveratrol and quercetin are potent inhibitors of platelet aggregation in rats [14] and modulate eicosanoid synthesis toward a pattern likely to be protective against CHD [15] . Finally, quercetin and quercetin glucosides as strong protein-tyrosine kinase inhibitors [16] exhibit potential anticancer properties [17] .
In this regard, the highly publicized "French Paradox" [18] , however, has focused most of the research on red and white wines. Thus, there are many reports in the literature concerning the resveratrol isomers and glycosides [19] content of various wine samples and some research, including our own [20] , on the concentration of other biologically interesting polyphenolic antioxidants, such as flavonoids (eg. (+)-catechin, (-)-epicatechin [13, 21] . On the other hand, investigations on the concentration of polyphenolic antioxidants in grapes concern mostly the assay of grape berries during different stages of their maturation or when they have been injured by disease or UV irradiation [22, 23] . There are only few reports on the antioxidant content of grapes produced under conditions similar to those of a commercial vineyard and mainly concern the determination of their resveratrol concentration. However, a survey of the potential health benefits of various grape berries and their products requires the knowledge of the concentrations of all polyphenolic antioxidants that possess health beneficial biological properties. The objective of this study was the development of an HPLC method for the simultaneous quantitation of biologically interesting grape polyphenol antioxidants. Our approach relies on the standard addition technique which has not been used for the HPLC assay of phenolic antioxidants in grape berries and wines.
Results and Discussion
The use of external calibration curves to assess the polyphenol profile of grape berries consequences a substantial underestimation of their content. It must be noted that our recovery estimation studies on Greek grape samples indicated that the observed values were lower in comparison with the actual ones by values ranging 16-37 % for (+)-catechin, 12-26 % for (-)-epicatechin, 18-55% for trans-resveratrol, 21-52% for quercetin and 30-66% for routin. This observation may be rationalized considering the possible losses during the manual manipulation steps of the extraction procedure. A plausible way to circumvent this underestimation is the standard addition technique which refers to the addition of three different volumes of the mixed polyphenols standard in three identical sample aliquots prior the extraction procedure. By this mean a total of eighteen grape samples were analyzed in triplicate.
Typical chromatograms acquired for red grape berries analyses of the Vertzami variety are depicted in Figure 2 . The concentration of quercetin glycosides was indirectly assayed via the acidic hydrolysis of a fifth sub-sample and the amount of quercetin glycosides assayed was estimated as the respective increase of the quercetin concentration. The recoveries estimated for the determination of rutin used as a model quercetin glycoside ranged from 75 to 98.8 %, while a typical chromatogram of the hydrolyzed fraction is depicted in Figure 3 . It should be noted that according to experiments using rutin solutions, complete hydrolysis is achieved in less than 24 hours, the time selected for the procedure. In regard to the validation parameters of the method, the standard addition calibration curves acquired during the analysis were found to exhibit excellent linearity with correlation coefficients of 0.99-0.9997 for (+)-catechin, 0.98-0.9997 for (-)-epicatechin, 0.996-0.9998 for trans-resveratrol and 0.99-0.9997 for quercetin glycosides. Tables 1 and 2 summarize the typical standard addition calibration data (peak areas, arbitrary units vs. C, mg Kg -1 ) for representative red and white grape berry samples, respectively. As standard reference samples were not available, the precision of the method was accessed through recovery experiments. Chromatogram acquired during the analysis of red grape berries of the Vertzami variety after hydrolysis, as described in the sample preparation sub section, of glycosidic bonds of sub-sample. The corresponding results, presented in Table 3 , display values ranging from 92.1 to 100.4 %. The detection limit for each polyphenol assay was determined as three times the corresponding standard deviation of the intercept divided by the slope of the standard addition calibration curve. The corresponding values were calculated as 1.50, 1.48, 0.030 and 0.032 mg mL -1 for (+)-catechin, (-)-epicatechin, trans-resveratrol and quercetin, respectively. Finally, the precision of the method was assessed through the repetitive (five consecutive iterations) use of the same analytical procedure for a certain grape variety (Vertzami). Precision data were determined as 3.5, 4.2, 7.2 and 6.1 % RSD for (+)-catechin, (-)-epicatechin, trans-resveratrol, quercetin and quercetin glycosides, respectiveley.
Finally, within run precision data (ie starting the procedure from the same pulverized sample) was found to be, for three consecutive analyses, in the range of 2.1 to 4.3 % RSD.
The results of the sample analyses are summarized in Table 4 . They corroborate that (+)-catechin and (−)-epicatechin comprise the major phenolic antioxidant constituents of Greek grape varieties ranging from 29 to 540 mg Kg -1 and 17 to 170 mg Kg -1 respectively. These results are generaly in accordance with previous findings on polyphenol assessment of Greek wines [20, 22] . The flavonol quercetin (0.07 -0.5 mg Kg -1 ) and quercetin glycosides (0.27-10 mg Kg -1 ) were present in smaller amounts. Their concentration range and ratio however is different than those reported for French and USA varieties [24] , indicating that environmental or cultural factors which facilitate the hydrolysis of the glycoside bond are present. It is noticeable however, that the concentration of the phytoalexin trans-resveratrol may vary considerably, since this substance is produced by grape berries as a response to fungal infection and UV irradiation. The results obtained reflect previous reports on other southern European grapes (Italian, Spanish and Portuguese) and support the conclusion that relatively low trans-resveratrol concentrations are present in Mediterrenean grape products [25] . (Table 4 ). It is evident that even small differences in their environmental and growth factors may lead to substantial alternation of their polyphenolic profile.
Conclusions
In conclusion, a procedure to extract five polyphenols from grape berry samples and their assessment by reversed-phase HPLC is introduced. The validation parameters of the method indicated that the linearities were in the range of 0.98 to 0.999 regression coefficient, while the detection limits ranged from 30 μg mL -1 for trans-resveratrol to 1.5 mg mL -1 for (+)-catechin. Recoveries ranged from 95.1 to 98.7% while the method provided good precision, with coefficients of variation between 3.5 and 6.1% for five replicate analyses. Though it is beyond the scope of this manuscript, it needs to be said that most of the observational research that actually underlines the health benefits of red wine consumption is confounded and is seriously questioned.
Experimental

Materials
Solvents used for the extraction of phenolics were of analytical reagent grade, while those used for chromatographic analysis where of HPLC grade and all were purchased from Lab-Scan. For the chromatographic analysis double distilled water was used, while solvents were filtered through an AllGlass Filter Holder System (47mm, Waters) prior to use. The following substances were purchased from Sigma and used for calibration and the preparation of 
Plant material.
Eleven of the most common Greek grapevine cultivars (agiorgitiko, kotsifali, limnio, refosko, romeiko, sefka, vertzami, xinomavro, asyrtiko, moshofilero and savatiano) and four French varieties (cab. Franc, cab. Sauvignon, merlot and syrah) popular in Greece were grown and collected during the 2005 harvest in the experimental vineyard of the Agricultural University of Athens. The grapes were picked at their optimum maturity when enologically ripe. Samples were stored at −78 °C and were protected by foil against sunlight-induced isomerization during storage and sample handling. To prevent oxidative damage during extraction of phenolics, ascorbic acid (1 g) was added per 100 g of fresh or frozen grape berries. Analyses were completed within a two-week period after their extraction, extracts been stored in −78 °C.
Sample preparation
Grape berries (250 g) were pulverized in a blender for 2 min at low speed so as not to crush the seeds but homogenize the flesh and skins in order to produce a pomace (flesh, pulp and seeds) that was subsequently lyophilized. To the resulting solid, a methanol/ethanol solution (9:1, v/v, 250 mL) was added and stirred for 36 h under argon atmosphere. After filtration, the alcoholic extract was defatted by extraction with petroleum ether (2x150 mL). From this extract, five sub samples of 45 mL were taken. concentrated HCl (5 mL) was added to first sub-sample (S-I) and stirred for 24 h in order to cleave glycosidic bonds. Volumes of 0.500, 0.750 and 1.00 mL of the mixed polyphenols standard were added to the three other sub-samples (S-II, S-III, S-IV respectively), while the fifth (S-V) was used without standard addition. Consecutively, each separate sub-sample was treated as follows:
The solvent was removed in a rotary evaporator to produce a slurry, saturated NaCl solution (50 mL) was added and the resulting mixture was extracted twice with ethyl acetate (2x50 mL). The combined ethyl acetate layers were dried over MgSO 4 and evaporated in a rotary evaporator to a solid, which was redissolved in methanol to a total volume of 10.0 mL. The latter was used for the HPLC analysis of polyphenols. During the aforementioned procedure, care was taken to exclude ambient light and avoid temperatures higher than 35 °C in order to prevent isomerization or polymerization of the assayed polyphenols [26] .
HPLC analysis procedure
The HPLC system used for the analysis was a Hewlett-Packard (HP) 1100 gradient liquid chromatograph that consists of a quaternary pump, solvent degasser with a HP 1100 UV-vis variable wavelength detector coupled to a HP Chem-Station utilizing the manufacturer's 5.01 software package. Injection was performed by means of a Rheodyne injection valve, model 7725I, incorporating a 20 μL fixed loop. Analyses were conducted on a Kromasil 100 reversed-phase C 18 column (250 x 4 mm) of Macheray-Nagel, 5 μm particle size with a guard column (8 x 4 mm) of the same company and material .
All analyses were carried out at 30 o C, maintained by a column thermostat. 20 μL aliquots of the extracts resulting from the procedure described in the sample preparation section were directly injected onto the column and eluted with a gradient comprising water (pump A), acetic acid (pump B) and methanol (pump C). Zero-time conditions were 80% A, 5% B, 15% C at a total flow rate of 0.6 mL min -1 . After 5 min, the gradient was adjusted to 75% A, 5% B, and 20% C at 0.7 mL min -1 and at 30 min to 50% A, 5% B and 45% C at 0.7 mL min -1 . Finally from 35 min until the termination of the run at 42 min, the gradient was adjusted to 40% A, 5% B and 55% C at 0.7 min mL -1 flow rate. After each run, 30 min were allowed for the equilibration of the column pumping the zero time mobile phase. Detection was accomplished using the following absorbance time 
